Summary. Rabbit 
Introduction
Initial investigations to explore the presence of a zona-specific antigen(s) have been successful in several species, including man (Shivers & Dunbar, 1977; Sacco, 1977a) , and have shown that the heteroimmune antibodies specific to ovarian extract react with the antigen(s) in the zona pellucida. The specificity of the zona-antigen(s) was further established by using, as the immunogen, cumulus-free mouse eggs (Tsunoda, 1977) , isolated mouse zonae pellucidae (Gwatkin, Williams & Carlo, 1977; Tsunoda & Sugie, 1977) or isolated pig zonae pellucidae (Sacco & Palm, 1977) . For the purpose of immunological regulation of human fertility, specificity of the zona-antigen(s) must be established with certainty. Mori et al. (1979) have shown that the blood group substances are present in the human zona pellucida as associated antigen(s), and therefore in the present study heteroimmunization with isolated human ova was attempted to examine the antigenic composition of the human zona pellucida.
Materials and Methods
Collection of isolated human and porcine ova. Fresh human ovaries were obtained at laparotomy for gynaecological malignancies from informed patients aged 24 and 46 years. Fresh pig ovaries were purchased from a local slaughterhouse. Ova of a uniform size of about 120 µ but of undefined maturational stage were randomly collected from follicles of various sizes and were completely freed from the cumulus cells by the methods described for porcine (Mori et al., 1978) and human . After complete absorption with O and AB erythrocytes the antiserum was absorbed with porcine ova. Porcine ova (10 000) were mixed with 0-2 ml serum by gentle shaking for 60 min at room temperature. The mixture was centrifuged at 3000 g for 5 min. Another 10 000 porcine ova were added to the supernate, the mixture was kept at 4°C overnight and then centrifuged at 3000 g for 5 min.
Characterization of the antiserum. Anti-zona activities of the antiserum were evaluated by two tests, zona precipitate (Oikawa & Yanagimachi, 1975) and immunofluorescence (Johnson et al., 1978) ; each test was repeated at least twice and used 3-5 ova. For the zona precipitate test, isolated ova were incubated in 0-2 ml unabsorbed serum for 30 min at 37°C, washed thoroughly in PBS, and were examined for the presence of precipitate on the outer surface of the zona, revealed as a strong light-scattering layer under dark-field illumination. The zona precipitate was further tested for its solubility by treatment with a proteolytic enzyme (Oikawa, Yanagimachi & Nicolson, 1973; Tsunoda, Sugie & Mori, 1979) . Human ova with a precipitate on their zonae were exposed to 0-5% (w/v) pronase in PBS at room temperature and the time required for complete dissolution was measured. For the immunofluorescence test, isolated zona-coated or zona-free ova which had been treated with the antiserum, as described above, were further reacted for 30 min at 37°C with pig anti-rabbit immunoglobulins labelled with fluorescein isothiocyanate (FITC) (DACO-Immunoglobulins Ltd, Copenhagen), which had been diluted 80-fold with PBS to eliminate non-specific staining. The coefficient of dilution was determined so that direct application of the conjugate did not produce any fluorescence on the human zona pellucida in a preliminary experiment. The eggs were then washed thoroughly in PBS and observed under a fluorescence microscope (Olympus Model BH-RFL, Tokyo). Kodak Tri-X Pan and Ektachrome 64 films were used to record the fluorescence.
Tissue specificity of the antiserum was tested by indirect immunofluorescence and immunodiffusion analysis. Human tissues (adrenal gland, adipose tissue, cerebrum, cerebellum, duodenum, heart, hypophysis, ileum, kidney, liver, lung, oviduct, pancreas, skeletal muscle, spleen, stomach, testis, thyroid gland and uterus) were obtained post mortem from a 58-year-old woman and a 60-year-old man, and frozen sections (5 µ ) were prepared. An ovary from a 30-year-old woman was also used. Smears or suspensions of AB erythrocytes and of ejaculated spermatozoa from a man of proven fertility were also prepared after being washed several times in PBS. The method described elsewhere (Johnson et al, 1978) Fig. 3 ) and porcine (PI. 1, Fig. 4 completely abolished, whereas a weak but definite fluorescence remained on human zonae (PI. 1, Fig. 5 ). There was no detectable fluorescence on isolated zona-free human ova after treatment with the unabsorbed antiserum.
A precipitate was produced on the outer surface of the zona pellucida of isolated human (PI. 1, Fig. 6 Fig. 1, not stained, 200 . Fig. 3 . A strong immunofluorescence on the outer surface of the zona pellucida of an isolated human ovum after treatment with the unabsorbed antiserum to human ova. 100. Fig. 4 . A strong immunofluorescence on the outer surface of the zona pellucida of an isolated porcine ovum after treatment with the unabsorbed antiserum to human ova. 100. Fig. 5 . A weak but definite immunofluorescence on a human zona pellucida remaining after treatment with the porcine ova-absorbed antiserum to human ova. 100. Fig. 6 . A precipitate on the outer surface of the zona pellucida of an isolated human ovum after exposure to the unabsorbed antiserum to human ova. 100.
Discussion
The difficulty of collecting a large number of human ova is presumably offset by the strong heteroantigenic potency of the zona pellucida, as proven with hamsters (Gwatkin et ai, 1977) and mice (Tsunoda, 1977) , and the present results show that a relatively small number of human ova can be used for immunization and elicit a higher titre of antibodies comparable to the titre at which in-vitro fertilization was significantly reduced in mice .
Although tissue specificity of the human zona antigen(s) was established by double-diffusion analysis (Sacco, 1977a; Shivers & Dunbar, 1977) , more sensitive methods should be introduced for examining minor cross-reactivity in antigenicity between the zona and other tissues, because immunodiffusion and/or immunoelectrophoresis tests give divergent results (Glass & Hanson, 1974; Jilek & Pavlok, 1975; Tsunoda, 1977) , possibly due to the titre of the antiserum and the solubility of the antigen(s) (Tsunoda et ai, 1979) . Specificity of the porcine zona antigen(s) has been confirmed by a radioimmunoassay system (Palm, Sacco, Syner & Subramanian, 1979 (Mori et al., 1978 (Sacco, 1977b (Baranska, Koldovsky & Koprowski, 1970) or with mouse vitelli , although much larger number of eggs were used than in the present study. However, the detection of such antibodies is not feasible because of the limited supply of human ova. Assuming that a constant number of antigen-antibody molecules is dissolved by a certain concentration of the enzyme per unit time, the observed sigmoid curve could be related to the total number of complex molecules with decreasing number of antibody molecules as dilution of the antiserum increases. There was a considerable degree of discrepancy between the two titres of zona precipitate and immunofluorescence in the present study. As suggested by Gwatkin et al. (1977) 
